ABSTRACT
I. INTRODUCTION
In recent years, the number of mobile users has increased rapidly. The increase inevitably causes the multi-user interference problem. To overcome this problem, antenna arrays at the base stations have been considered, with which we can transmit and receive information spatially selectively. The antenna array may also increase the capacity of cellular networks by reducing the interference effects [1] . Antenna arrays can extract the desired signal waveform from all the received signals by properly weighted combining the outputs to suppress co-channel interference. To accomplish this, the estimation of unknown signal parameters from sensor array measurements is necessary.
The research of sensor array processing has drawn considerable interest for several years. Specially, in the field of direction finding, among the various techniques are those based on subspace and eigenvector methods such as the multiple signal classification (MUSIC), maximum likelihood (ML) estimation [2] , [3] , and their variations [4] . Subspace and eigenvector methods are known to possess high resolution capabilities and yield accurate estimates.
Generally, the signal source models used for DOA esti- mation techniques have been built based on the assumption that the signals are point sources which is adequate for farfield sources. However, this assumption is inadequate for signal sources close to sensors or scattered by surroundings. In real wireless mobile situations, the signals received at the array include not only a direct path signal but also a large number of angularly spread signals that are delayed, attenuated, and scattered. Thus, if the point source assumption is practically invalid in real surroundings, the estimation techniques based on the point source assumption would result in incorrect results.
In this paper, we investigate a new approach to local scattering modeling with which we can describe the multipath environment in mobile communication systems. Under this model, an estimation method of DOA is investigated based on the weighted subspace fitting (WSF) technique. Statistical analysis of the estimation method is also considered. This paper is organized as follows: in Section 2, we explain the new local scattering model and antenna array systems of the base station. In Section 3, a method of the DOA estimation under the proposed model is considered and some statistical analysis is obtained in Section 4. Some results are discussed in Section 5, and Section 6 summarizes the results.
II. MODELING OF LOCAL SCATTERING
In a typical mobile communication, if the number of mobile users is K, the number of multipaths due to scatters nearby a mobile is L, and the fading is assumed to be frequency nonselective, the output of an antenna array with M elements at the base-station may be expressed as
R kl e j kl a( kl ) + n(t): (1) In (1) In practical mobile environment, there are infinite multipaths. In (1), then, L is infinite and kl is a random variable with a specific probability density function [5] , as depicted in Fig. 1 . If there is no dependence among the random variables R kl kl , and kl , and the sequences fR kl g L l=1 , f kl g L l=1 , and f kl g L l=1 are independent and identically distributed (i.i.d.) random sequences, then as L ! 1 , the term P L l=1 R kl e j kl a( kl ) converges to E a( k )] P L l=1 R kl e j kl in probability under the ergodicity assumption, which in turn converges to E a( k )]R k e j~ k in probability, whereR k and k have Rayleigh and uniform distributions, respectively. Then, we can rewrite (1) as 
for the SULA, and
for the ULA. 
for the ULA.
III. DIRECTION OF ARRIVAL ESTIMATION
Under the proposed model, estimating the locations of local scattered signals can be viewed as estimating the two sets of unknown parameters ( c k k ) k= 1 2 : : : K . Defining the amplitude vectors(t) = s 1 (t) s 2 (t) : : : s K (t)] T , the mean steering matrix B = b( c 
IV. STATISTICAL PROPERTIES
Let us define the DOA parameter vector An important observation made in [6] is that all methods within the subspace fitting framework asymptotically maximize the following criterion function: Under the assumption that (^ ^ ) is sufficiently close to ( ), the estimation error vector can be obtained from V 0 (^ ^ ) = 0 , where V 0 is the gradient of V . Specifically, the first-order Taylor series expansion of V 0 around the true value ( ) leads to " ' ; H ;1 ( )V 0 ( ), where " = ( ; ) T (^ ; ) T ] T is the estimation error vector and H( ) is the Hessian. The asymptotic normality ofẽ k =ê k ; E ê k ], k = 1 K , implies that the gradient V 0 ( ) is also asymptotically normal. We can obtain the asymptotic distribution of " as p N" N a (0 C ), where x N a (m C) means that x is asymptotically Gaussian with mean m and covariance matrix C and C = E "" T ] = H ;1 Q H ;1 by use of the statistical results of [6] . Here, (2 2)th elements of C are the variance of DOA estimation error and the variance of the variation parameter estimation error, respectively. In addition, the (1 2)th and (2 1)th elements measure the dependence between 1 and 2 and the dependence between 2 and 1 , respectively.
We now consider three examples of H and Q. is derived in [7] . 
where Z = ( R s B H R ;1 x BR s ) T .
V. NUMERICAL AND SIMULATION RESULTS
In this section, under the proposed local scattering model with the uniform pdf (6), we investigate some numerical examples to illustrate the performance of the proposed method more explicitly. Simulations are also included to investigate the applicability of the theoretical results obtained in the previous sections.
Let us assume that the number K of mobile users is 2 and the number N of snapshots is 200 in the simulations. In Fig.   2 , the variance of DOA estimation errors is plotted versus the signal to noise ratio when the two mobile signal sources are Next, we compare the variance of DOA estimation errors for various numbers of antenna elements at SNR = 7 dB. ¿From this figure, we can observe that the variance of the DOA estimation error becomes smaller as the difference between the two DOA's become larger. This is because the larger is the difference between the two DOA's, the easier is to estimate the DOA's. We can also observe that the difference of performance for various numbers of antenna elements becomes smaller as the difference between the two DOA's parameters becomes larger. The results of this figure also show that the variance decreases as the number of antenna elements increases.
The variance of the DOA estimation error obtained by various methods is plotted versus the signal to noise ratio in Fig. 4 . This example is to demonstrate the superiority of the WSF method over the other methods. It is clearly seen that the WSF method is superior to the other methods and has high resolution capability. The results of this figure also show that the variance decreases as the SNR and number of antenna elements increase for all the methods.
VI. CONCLUDING REMARK
After modeling the effect of the angle spread in mobile signal sources, a DOA estimation method based on the weighted subspace fitting technique was investigated under the proposed model. It was shown that, when the location of the mobile signal sources were scattered angularly, two parameters (DOA and variation parameter) were needed to reasonably describe the signal. Based on the model, the variance of the estimation error was analyzed when the WSFbased method was used. Numerical examples showed the applicability of the proposed model, and the WSF-based method was verified to be superior to other methods. Computer simulation results also confirmed the theoretical results.
